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During the past decades, working memory (WM) training has attracted considerable
research attention, but its transfer to untrained tasks is still controversial. In a randomized
controlled trial, we investigated the possible transfer effects of a novel sentence-level
WM training regime. Sixty-eight healthy Finnish adults were randomized into either a WM
training group or an active control group. The WM training group practiced for 4 weeks
with two adaptive sentence-level WM training tasks, namely, a novel sentence-level
updating task and a Reading span task. The active control group practiced on a quiz
task that called for long-term memory but did not load on WM. There were no statisti-
cally significant training effects on the pre—post measures of near and far transfer. We
suggest that the lack of training effects may reflect the specificity and automaticity of the
sentence-processing system.

Keywords: working memory training, verbal working memory, sentence processing, near transfer, task-specific
near transfer

INTRODUCTION

Working memory (WM) refers to a mental platform for temporary maintenance, access, manipula-
tion, and coordination of information (Baddeley, 2000). It is a cornerstone for several important
cognitive abilities, such as reasoning (Sifs et al., 2002; Conway et al., 2003), executive control (Poole
and Kane, 2009), and multitasking (Konig et al., 2005; Hambrick et al., 2010). The influence of WM
extends even further as WM has been shown to be highly predictive of academic and professional
success (Gathercole et al., 2004; Alloway and Alloway, 2010).

The key role of WM in cognition has motivated numerous intervention studies that have sought
to improve WM abilities with intensive computerized training. Despite very promising early findings
(e.g., Jaeggi et al., 2008; Chein and Morrison, 2010), recent meta-analyses on WM training indicate
mainly near transfer (i.e., improvements in other, untrained WM tasks), while far-transfer effects
(i.e., improvements on tasks tapping other cognitive domains) have been very small (Melby-Lervag
and Hulme, 2013; Melby-Lervag et al., 2016; Soveri et al., 2017). The most recent meta-analysis
(Soveri et al., 2017) examined the near-transfer effects in more detail by separating task-specific
near transfer (untrained tasks representing the same task paradigm as the training task and differing
only by stimuli) from task-general near transfer (untrained WM tasks structurally different from
the training task). The results showed that WM training studies yield moderate task-specific near
transfer, while task-general near-transfer effects are very small (Soveri et al., 2017). Thus, current
evidence indicates that WM training produces quite specific and temporary task improvements that
do not affect everyday cognitive performances (Melby-Lervag et al., 2016).
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Given the limited generalizability of WM training, one way
to move forward would be to start employing WM training
tasks that bear more similarity to everyday cognitive challenges.
Several researchers have pointed out that current WM training
tasks represent rather artificial laboratory-based tasks employ-
ing random strings of digits, letters, words, or spatial positions
(Klingberg, 2010; Shipstead et al., 2010; Holmes, 2011; Holmes
and Gathercole, 2014; Moreau and Conway, 2014). For the
present study, we designed a verbal WM training regime that
employed meaningful sentences as training stimuli. Reading
sentences is something most people do on a daily basis, and
sentence comprehension correlates with performance on
complex WM measures (for a meta-analysis, see Daneman
and Merikle, 1996). Individuals with high vs. low WM capacity
show both behavioral and neural differences when processing
structurally demanding sentences (e.g., Prat et al., 2007). The
ability to process textual information is related to academic
achievements, financial success, and socioeconomic status,
among others (Ritchie and Bates, 2013; Ricketts et al., 2014).
These facts motivated the present attempt to study the possible
effects of WM training at sentence level.

In the previous literature of sentence-level WM, the most
commonly used WM task is the Reading span (RSpan) task
(Daneman and Carpenter, 1980). In this task, participants are to
simultaneously judge the semantic correctness of sentences and
remember the final word in each sentence in correct order. It has
previously been debated whether linguistic WM tasks, such as the
RSpan task that entails syntactic processing, tap the same pool
of verbal WM resources as tasks that lack syntactic structure,
such as span repetition. Caplan and Waters (1999) put forth the
dedicated resource hypothesis that separates syntactic process-
ing from other verbal WM resources. Other researchers, on the
other hand, have claimed for shared resources, where verbally
mediated tasks call for the same pool of verbal WM resources
irrespective of whether the stimuli tap syntactic processing or
not (e.g., King and Just, 1991; Just and Carpenter, 1992). Both
theories have found some support in subsequent studies (Gordon
et al., 2002; Fedorenko et al., 2006). The mental architecture of
verbal WM is nevertheless an important issue here, because the
shared resources hypothesis would predict broader potential
transfer effects after verbal WM training than the dedicated
resource hypothesis. Sentence processing is a rapid and auto-
matic process (Garrett, 1990; Kamide et al., 2003), suggesting
that the cognitive demands in sentence-level verbal WM differ
at least partly from those engaged by word, letter, or digit strings.
Due to these differences, it is of interest to see if sentence-level
WM training will show a somewhat different transfer pattern as
has been seen in previous studies using unrelated verbal items.

Sentence repetition training has previously been administered
primarily in aphasic patients, and the results indicate that WM
training at sentence-level is beneficial for this clinical group
(Francis et al., 2003; Koenig-Bruhin and Studer-Eichenberger,
2007; Eom and Sung, 2016). However, no previous WM training
studies on healthy adults have employed exclusively sentences as
training stimuli. A doctoral dissertation by Payne (2014) which
was recently published (Payne and Stine-Morrow, 2017) comes
closest. The study examined the effects of verbal WM training in

healthy elderly on language performance by using three verbal
WM training tasks, out of which one was a sentence-level task.
Interestingly, the results showed selective improvements in offline
language tasks in the training group compared with an active
control group. The improvements were seen in sentence recall,
comprehension of syntactically ambiguous sentences, and verbal
fluency. The first two tasks that involve sentence processing bear
relevance to the daily life as well.

The training regime developed for the present study included
two adaptive sentence-level WM training tasks. The first one
was the well-known RSpan task (Daneman and Carpenter,
1980). The second one was a novel sentence-level WM updating
task, coined as the selective updating of sentences (SUS) task
(Fellman et al., 2017). In this task, participants were to update
semantically feasible sentences by selectively replacing some
constituent words. We employed a randomized controlled
design with an active control group that practiced with a com-
puterized quiz task that called for long-term memory but did not
load on WM. As WM training is expected to lead to improve-
ments on both trained and structurally similar untrained WM
tasks (Soveri et al., 2017), we included both task types in the
pre—posttest battery. Due to the encouraging transfer effects
reported by Payne and Stine-Morrow (2017) on offline language
processing measures, we also employed three verbal WM tasks
that were structurally different from the training tasks, and five
far-transfer offline language measures (including sentence recall
and word fluency employed by Payne and Stine-Morrow, 2017),
even though task-general near transfer and far transfer after
WM training is less likely.

MATERIALS AND METHODS

Participants

Participants were recruited through an e-mail announcement
sent to various student associations and student unions at the
Universities and Polytechnics in Turku and Helsinki. The final
sample consisted of 68 (51 women) monolingual healthy under-
graduate students in the age range of 18-40 years (M = 24.58,
SD = 3.95). The participants did not report any significant
psychiatric or neurological illnesses. All participants completed
a background questionnaire and were screened for language
background. Moreover, all participants completed the Beck
Depression Inventory-II (BDI-II; Beck et al., 2004). Participants
who had been exposed to two (or more) languages before the age
of 6 were excluded from the study, as well as those with BDI-II
scores exceeding the cutoff score of 16. Those who had been drink-
ing five or more units of alcohol (i.e., 50 g of pure alcohol or more)
the day before the pretest were also excluded from the study. The
participants who met the inclusion criterion were randomized to
either a WM training group or an active control group, but they
were not informed of the existence of the two groups. The groups
did not differ in terms of age, #(66) < 1, p = 0.720, gender, (1,
N=68) <1, p=0.866, years of education, #(66) < 1, p =0.519, or
BDI-II scores, t(66) < 1, p = 0.551 (see Table 1). All participants
who successfully completed the whole study received a compen-
sation of 70 euros. All research procedures were approved by the
Institutional Review Board of the Departments of Psychology
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TABLE 1 | Descriptive data on the study groups.

WM training group Active control group

n 31 37

Sex F/M 24/7 28/9
Age in years 25.0 (4.58) 24.62 (4.09)
Education in years 16.39 (3.19) 15.89 (3.07)
Motivation in the beginning of 7.81(1.76) 7.92 (1.62)
training

Motivation mid-training 6.10 (2.23) 6.70 (1.73)
Motivation at the end of training 6.48 (2.51) 6.54 (2.50)
BDI-II 3.97 (3.54) 3.49 (3.08)

Distributions and mean values (SD).
BDI-Il, Beck Depression Inventory-Il; WM, working memory.

and Logopedics, Abo Akademi University, and written informed
consent was obtained from all participants.

Procedure

The study comprised three phases: a pretest session, a training
period, and a posttest session. A flowchart depicting the study
phases and dropout rates is shown in Figure 1. A total of 101
participants took part in the pretest session and underwent
screening. Of those, 19 participants were discarded as they did
not meet the inclusion criteria. Moreover, nine participants in
the WM training group withdrew during the training period,
and two participants did the same in the active control group.
Of the participants who successfully completed all stages in
the study, two from the WM training group and one from the
active control group were excluded from the final analyses due
to other issues (see Figure 1). The final sample thus consisted of
68 participants.

The posttest session comprised the same tasks as the pretest
session with the exception of the background questionnaire,
the language background screening, and the BDI-II. When the
participants had completed the posttest session, they were asked
to retrospectively evaluate their motivation in the beginning,
midway, and at the end of training on a 10-point Likert scale
(1 = not at all motivated, 10 = highly motivated). The pre- and
posttest sessions were run in computer classes with 1-12 par-
ticipants. The test order was randomized for each participant in
each session.

The training period started during the week after the pretest
session. The participants practiced four times (30 min each)
a week for 4 weeks, after which they completed the posttest
session during the following week (week 6). The WM training
group practiced on two computerized verbal WM tasks (see The
Training Tasks), while the active control group trained with quiz
tasks that called for verbal long-term memory but did not load on
WM. Both the WM training group and the active control group
performed their training sessions at a peaceful place of their own
choosing, for example, at home.

The Training Tasks

Selective Updating of Sentences Training Task

Based on the SUS task which has been shown to exhibit adequate
psychometric properties (Fellman et al., 2017), we developed
a sentence-level updating training task, coined as the selective

updating of sentences training task (SUST). In the SUST, words
were presented on the computer screen in a row of boxes. Each
box contained one word, and conjointly they formed a meaning-
ful sentence. The participant was to encode and keep in mind the
initial sentence, after which it disappeared and a blank screen was
shown for 500 ms, followed by an updating stage with a new row
of boxes. At the updating stage, two of the boxes contained a new
content word while the rest remained empty. The participant was
prompted to replace the old words with the new ones while at
the same time maintaining the unchanged words in the original
sentence. Finally, a row of empty boxes appeared on the screen,
and the participant was to type in the most recent version of the
sentence, that is, the latest word in each box. The updates of the
sentence constituents were pseudorandomized so that their posi-
tions could not be predicted.

In the SUST task, 40 difficulty levels were created. On the
first eight levels, the sentences (and the updating stages) were
presented for 4,000 ms, and the difficulty level was increased
by adding more updating stages (range 1-8). If the participant
successfully completed level 8, the sentence presentation time
went down to 3,000 ms. The participant then proceeded with
this exposure time through updating stages 1-8. The same adap-
tive procedure was applied at levels 17-24 (2,000 ms sentence
presentation time), 25-32 (1,000 ms sentence presentation time),
and 33-40 (500 ms sentence presentation time). At each difficulty
level, the sentences appeared in blocks of four. In each block, the
sentence length ranged from 4 to 7 words so that one trial of
each sentence length was presented in all blocks. The participant
had to type in the final words of a sentence verbatim in order to
score a correct trial. To proceed to the next difficulty level, the
participant had to respond correctly on at least three of the four
trials in a block. If the participant responded correctly on one or
two trials, the following block remained on the same level, and if
the participant failed all trials within a block, the block level was
decreased. Between the training sessions, we applied the n — 2
principle, that is, if the participant, for instance, reached level 5 on
a training session, the next training session started from level 3.

The sentences included in the SUST task followed common
sentence structures in the Finnish language, including predica-
tive clauses, transitive clauses, intransitive clauses, and existential
clauses. The sentence updates modified its semantic contents but
did not change the syntactic structure. To avoid recognition and
memorization of recurring words and sentences, we developed
a sizable pool of sentences that comprised 640 unique trials
(a single trial consisted of an initial sentence and its updating
stages). Moreover, when the sentences were updated and replaced
by other words, they still remained semantically and syntactically
plausible. For example, in a sentence “The carpenter built a house”
in which the words “carpenter” and “house” were updated, they
were replaced by semantically adequate words such as “artisan”
and “residence,” thus keeping the sentence meaningful.

Sentence Reading Span Training Task (SRST)

Following Daneman and Carpenter (1980), a Finnish SRST was
created. Here the participant read a series of sentences, presented
in sets of two or more sentences, and was asked to do two things.
First, after reading each sentence, the participant was to judge
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101 participants were assessed for
Screening and Pre-Training Testing

19 were not eligible

* Used CNS medication (n =4)
BDI-II > 16 (n=6)

* Bilingual (n =8)
* High alcohol level (n =1)

82 participants underwent randomization
Working memory group (n = 42); Active control group (n = 40)

/\.

Working memory training
(4 weeks)

Active control group
(4 weeks)

Withdrew n =9 <—l

l e | Withdrew n =2

Post-Training Testing
(N=33)

Post-Training Testing

2 participants removed from analysis
* Participated in another WM study
during training period (n =2)

e

31 participants
included in the
analysis.

FIGURE 1 | A flowchart of the study and dropout rates at the different stages.

(N=38)
1 participant removed from analysis
* Use of CNS medication during
training period (n=1)
37 participants
included in the
analysis.

whether the sentence was semantically acceptable. The second
task was to memorize the last word of each sentence. The sentences
were shown for up to 8,000 ms, and the next sentence appeared
as soon as the participant had responded. At the end of each trial,
the participant was to recall the last word of each sentence in the
order that they were presented.

Altogether 500 different sentences were adopted and modified
from the online quiz website Alypad (www.alypaa.com) used in
the control group as training. In total, 250 sentences were identi-
cal to the questions presented on the website (e.g., Mitd maitoon
pitad lisdtd, jotta siitd saa tehtyd juustoa? “What do you have to
add to milk to transform it to cheese?”) and 250 sentences were
modified by transforming the questions from Alypii to declara-
tive sentences (e.g., Oikeakitisen ihmisen kielikeskus sijaitsee
vasemmalla puolella aivoja “A right-handed person has the
speech center located in the left side of the brain”).

For each of the 500 acceptable sentences adopted from Alypas,
a paired unacceptable sentence was developed on the basis of the
“syntactic prose” conditions used in previous studies (Lee and
Federmeier, 2012; Stites et al., 2013; Payne and Stine-Morrow,
2017). The unacceptable sentences were syntactically correct but
lacked in semantic plausibility (e.g., F-18 Hornet hévittdjatyyppi
on ravintolalaskun musta lentokone “The F-18 Hornet jet type
is a restaurant bill’s black airplane”). The unacceptable sentences
were created in a way that the participant had to read through the
sentence before being able to judge its acceptability. The length
of the sentences ranged between 60 and 100 characters, and the
sentence-final words were between 4 and 14 characters.

The SRST task was adaptive, that is, the number of test items
in a trial increased or decreased depending on the participant’s

performance. Each level comprised a block of four trials and
the participant had to score at least three trials correctly (i.e.,
correct on both the final words and the acceptability rating in
each trial) to proceed to the next level. With 1-2 trials correct,
the participant remained on the same level. The difficulty level
was decreased by one if the participant failed all trials. As in the
SUST task, the n — 2 principle was used to adjust the level of
difficulty between training sessions. Due to the particularly rich
morphology of the Finnish language, the participant did not have
to recall the exact inflectional form of the final word but scored
correct when the correct stem appeared in the response (e.g.,
typing in AUTO “car” or AUTOT “cars” for the target word form
AUTOISSA “car” + plural marker + inessive case, “in the cars”).

The Training Task for the Active Control Group

The active control group played a free online quiz task called
Alypdd (www.alypaa.com; “classic” game mode). The game
presented a question with four possible response alternatives,
and the task was to choose the correct response alternative.
The difficulty level of the questions increased for every correct
consecutive answer. Participants played Alypid for 30 min during
every training session. The game was selected on the basis of its
limited WM demands, its general appeal to a wide audience, and
its large pool of questions.

The Pre- and Posttests

WM Tasks

Selective Updating of Sentences Task

The overall setup was the same as in the SUST task, except that
only the 4,000 ms sentence exposure time was used. Moreover,
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the words that were incorporated in the SUST task were not used
in the pre-post task, thus eliminating possible word learning
effects. The SUS task comprised 12 trials, each with an initial
sentence followed by its updating stages. The order of the trials
was randomized for each participant, and the updates of the
sentence constituents were pseudorandomized so that their
positions could not be predicted. The SUS trials were divided
into three blocks. The first block comprised sentences with two
updating stages, the second block sentences with three updating
stages, and the third block sentences with five updating stages.
All blocks included sentences ranging with four to seven words,
one trial of each sentence length. One point was awarded for each
correctly recalled word that was typed in the corresponding box.
The percentage of correctly recalled words on all trials was used
as the dependent variable.

RSpan Task

This task followed the SRST setup where, for each presented
sentence, the participant was to make a semantic acceptability
judgment and memorize the final word. In line with the SUS
task, the words and sentences incorporated in the SRST training
regime were not used in the RSpan pre-post task. At the end of
each trial, the participant was to recall the last words by their
order of presentation. Each sentence was shown on the screen for
up to 8,000 ms. The next sentence appeared as soon as the partici-
pant had responded. The task included seven trials (with two to
eight items to recall) with one trial per each sequence length, and
the order of the trials was randomized. We used a partial-credit
scoring system (Conway et al., 2005) where the number of cor-
rectly recalled elements per trial was counted, regardless of trial
length (e.g., two correctly recalled elements from a three-element
trial were worth as much as two correctly recalled elements from
a five-element trial). In the intervening task, we used binomial
probability that identified the cutoff score (one-tailed, p < 0.05)
where there was less than 5% probability that the score would
have been due to guessing. The binomial probability analysis
revealed a cutoff score of >65.71% correctly solved problems in
the RSpan task.

Operation Span (OSpan) Task

This task was based on Turner and Engle (1989). Here the par-
ticipant was to make yes/no responses to simple math equations
(e.g., 5 — 2 + 6 = 9?2) while simultaneously trying to memorize a
set of unrelated digits. The to-be-remembered digit was displayed
on the computer screen for 1,000 ms, followed by a fixation
point (asterisk) for 500 ms. After that, the equation appeared for
6,000 ms. At the end of each trial, a recall grid was shown, and the
participant was to recall the digit sequence in the order it was pre-
sented. The participant completed six trials. The sequence lengths
ranged between 4 and 9 (one trial per sequence length) and the
order of the trials was randomized. We used the partial-credit
scoring system following Conway et al. (2005) where the number
of correctly recalled elements per trial was counted, regardless of
trial length. In line with the RSpan task, we used a binomial prob-
ability analysis (one-tailed, p < 0.05) to define the cutoff value
for the intervening task. The cutoft value was >66.67% correctly
resolved problems in the OSpan task.

Alphabet WM Task

Following Was et al. (2011), an Alphabet WM task was admin-
istered. Here the participant was presented with either one letter
or two alphabetically nonadjacent letters for 2,500 ms, followed
by a transformation phase according to direction and number
cues (—3, =2, —1, +1, +2, +3) which remained on the screen
until the participant decided to proceed with the task. At the
transformation phase, the task was to mentally move either up or
down the alphabet according to the cues (e.g., JO + 3 = MR). This
was followed by an empty column where the participant was to
type the transformed letter/letters. The task included altogether
18 trials, nine trials with a single to-be-remembered letter, and
nine trials with two letters to recall. The forward and backward
recoding directions (— or +) and recoding distances (1, 2, or 3)
varied systematically in both trial lengths. The order of the trials
was randomized for each participant. The proportion of correctly
recalled trials per minute was used as the dependent variable.

Minus 2 Span Task

In the Minus 2 span task (Waters and Caplan, 2003), sequences with
digits occurred successively on-screen, and the participant was to
subtract 2 from each digit. For example, a correct response for the
sequence 4-8-3-5-6 would be 2-6-1-3-4. Each digit appeared
on-screen for 1,000 ms, followed by a fixation point that was visible
for 500 ms. At the end of each trial, a recall grid with horizontally
aligned boxes was displayed. The boxes contained the numbers
from one to nine, and prompted the participant to respond. The
task included 12 trials with two trials of each sequence length. The
sequence lengths ranged from four to nine digits, and the trials
appeared in a randomized order. One point was given for each cor-
rectly recalled digit that was placed in the correct serial position.

Verbal Episodic Memory and Word Fluency

Two sets of test items were created for the verbal episodic memory
tasks (i.e., the Sentence- and Paragraph recall tasks) and the Word
fluency task, and the participants were counterbalanced across
sets. Half of the participants (in both the WM training group and
the active control group) received one set of items during the
pretest and the other set during the posttest, while the order was
reversed for the other half of the participants.

Sentence Recall

In this task, words of a sentence were presented successively on a
computer screen at a rate of one word per 1,000 ms. Immediately
after all the words in a sentence had been shown, the participant
was asked to reproduce the sentence by typing it in an empty
column.! The sentences were 18-22 words long and their contents
tapped diverse topics in science, nature, and history. The task was
designed in both Finnish and English to test whether possible
transfer effects would be language-specific. In both languages,
we administered altogether five sentences in a randomized order.

'A self-paced variant of the sentence recall task was also included in the pre- and
posttest battery. This task version, however, resulted in great variance between
participants in the reading time of the to-be-remembered sentences. This was
considered as problematic in terms of task validity and therefore the self-paced
version of the task was excluded from pre/posttest analyses.
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The proportion of correctly recalled words, regardless of the
order they were recalled in, was used as the outcome variable.
Moreover, a word was scored as correct if the participant was able
to recall the word stem correctly. Suffix-triggered stem alterations
in Finnish were ignored, as well as pure orthographical errors.

Paragraph Memory

In this task, the participant was instructed to read a paragraph
and memorize its key points rather than trying to remember
every word in the text. Nevertheless, when recalling the story, the
participant was instructed to use the original words. The para-
graphs were shown on a computer screen with no time limit for
reading. When the participant decided to proceed, an empty box
appeared on the screen, and the participant was to write down as
much of the paragraph as possible. The length of the paragraphs
ranged between 57 and 59 words. Two trials were completed in
a randomized order. We scored this task in two ways, in verba-
tim and in terms of the semantic contents. The first dependent
variable was thus the proportion of correctly recalled words,
corresponding to the measure used in the Sentence recall tasks.
The second dependent variable was the proportion of correctly
recalled semantic contents that had been determined beforehand
when designing the paragraphs.

Word Fluency

This task was a computerized Finnish version of the Word fluency
task (Benton and Hamsher, 1978). In this task, a letter was shown
on a computer screen and the participant was asked to type in as
many words as possible beginning with that letter. The letter was
visible on the upper part of the screen while an empty column was
displayed on the lower section. The participant was to type in the
first relevant word that came to mind and then press the “Enter”
button. After that the column went blank again, and the partici-
pant could immediately type the next word. This procedure was
repeated until 60 s had passed. The participant completed three
trials, with a different letters for each trial, and the presentation
order of the trials was randomized. A total score was calculated
as the sum of unique correctly produced words in the three trials.

Expectation Survey

Following Payne and Stine-Morrow (2017), a survey was
administered at the end of the posttest to assess the participants’
subjective evaluations of training benefits on specific tasks and
on cognitive functions in general. The training benefits were
assessed by asking participants whether they believed that their
performance improved on a specific task as a function of train-
ing (e.g., “You completed a task called SUS. Do you believe that
your training period led to better performance in this task?”).
The responses were evaluated on a 5-point Likert scale (1 = no,
2 = maybe not, 3 = difficult to say, 4 = maybe yes, 5 = yes). The
questions regarding expectations of improved cognitive func-
tions following the training period were also assessed on a 5-point
Likert scale (1 = strongly disagree, 2 = disagree, 3 = neither agree
nor disagree, 4 = agree, 5 = strongly agree), by asking participants
to rate separately for each cognitive function how strongly they
agreed/disagreed with the statements (e.g., “I believe that the
training period improved my memory”).

Statistical Analyses

All data analyses were conducted using IBM SPSS Statistics 23
software (Armonk, 2015). The background characteristics of the
two groups at pretest were compared with independent-samples
t-tests for continuous variables and y? tests for categorical vari-
ables. Progression on the two training tasks in the WM training
group was evaluated with one-way repeated measures ANOVAs.
Moreover, a 3 X 2 mixed-model ANOVA with time (start,
halfway, end) and group (WM training group, active control
group) was conducted to evaluate possible group differences in
motivation.

Comparisons between the two groups on the cognitive vari-
ables were conducted with analyses of covariance (ANCOVAs)
using posttest performance as the dependent variable and pretest
performance as the covariate. Furthermore, Cohen’s d values were
calculated from posttest scores adjusted for pretest scores in the
ANCOVAs. We also conducted independent-samples t-tests to
examine possible group differences in the subjective evaluations
of posttest performance and general training benefits.

Before running the ANCOVA, the data were screened for
multivariate outliers at pretest. This was done with the Cook’s d
(Cook and Weisberg, 1982) and the Mahalanobis distance value
x> (10, 80) = 29.59, p = 0.001 (Tabachnick and Fidell, 2007). No
participant showed a value greater than 1 on the Cook’s d meas-
ure. One participant was close to the cutoff score determined by
the Mahalanobis distance (25.92, p < 0.004).

Those participants scoring three times the interquartile range
above or below the Ist or the 3rd quartile were excluded from
the specific analyses. The rates of univariate outliers as well as
those participants that scored below our binomial cutoff score in
the RSpan task and/or the OSpan task are reported separately for
each measure in Section “Results”

RESULTS

Progress in the Verbal WM Training Tasks
during Training

Selective Updating of Sentences Training Task

In the SUST, a one-way repeated measures ANOVA on SUST pro-
gression (attained level) revealed a main effect of session, F(15,
450) = 41.14, p < 0.001, n; =0.58, indicating an increased SUST
performance during the training period. The learning curve
illustrated in Figure 2 showed a steady rate of improvement for
the 12 initial sessions in the WM training group, after which the
curve stabilized for the last four sessions.

Sentence Reading Span Training Task

As regards the SRST, the one-way repeated measures ANOVA on
progression (attained span level) revealed a main effect of session,
F(15,450) =3.55,p < 0.001, n; =0.11, indicating that the training
increased span performance. The learning curve, illustrated in
Figure 3, showed a steady rate of improvement for the six initial
training sessions. In the middle of the training period, the per-
formance seemed to fluctuate considerably, while sessions 13-16
indicated somewhat more stable performance at a ca 20% higher
span compared with the first training session.
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FIGURE 2 | Level increases over 16 training sessions for the SUS training
task in the training group (n = 31). SUS, selective updating of sentences.
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TABLE 2 | Pre—post accuracy rates with SDs for the dependent variables.
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FIGURE 3 | Percentage increases over 16 training sessions for the Reading
span training task in the training group (n = 31). Results are expressed as a
percentage increase relative to performance on the first day of training.

14 15 16

WM training group

Active control group

Pre Post Pre Post

Criterion tasks n=31 n=37

Selective updating of sentences Accuracy (% correct) 76.05 (11.84) 83.97 (11.23) 74.08 (12.00) 80.30 (8.59)
n=31 n=37

Reading span task Accuracy (% correct) 61.11 (12.60) 69.68 (14.47) 61.39 (13.55) 68.26 (14.03)

Near-transfer tasks n=29 n=232

Operation span task Accuracy (% correct) 48.10 (20.51) 61.01 (16.90) 56.17 (23.17) 60.10 (22.28)
n=31 n=37

Minus 2 span task Accuracy (% correct) 64.02 (17.69) 65.47 (14.76) 59.81 (13.21) 66.22 (12.16)
n=31 n=37

Alphabet working memory task Correct items per minute 2.77 (0.95) 3.54 (0.93) 2.81(0.74) 3.29 (0.77)

Far-transfer tasks n=31 n=37

Sentence recall in Finnish Accuracy (% correct) 77.19 (11.37) 79.19 (12.65) 77.30 (10.28) 78.46 (10.90)
n=31 n=37

Sentence recall in English Accuracy (% correct) 66.87 (15.40) 71.23(18.07) 66.45 (16.17) 67.86 (17.83)
n=31 n=237

Paragraph recall Accuracy (% correct) 68.21 (16.89) 67.81(19.13) 64.34 (18.77) 64.95 (16.46)
n=31 n=37

Paragraph semantic recall Accuracy (% correct) 76.50 (16.97) 74.08 (20.80) 73.46 (19.52) 72.20 (18.17)
n=31 n=37

Word fluency Total number of correct responses 59.35 (12.71) 64.55 (13.11) 63.08 (12.33) 66.08 (12.79)

Values in parentheses are SDs. The range of possible task scores is 0-100% in all tasks except for the Alphabet WM task, where the outcome variable refers to the proportion of
correctly recalled trials per minute, and the Word fluency task where the outcome variable is the sum of unique correctly produced words.

WM, working memory.

The Pre- and Posttests
The pre—post mean values per group are depicted in Table 2 and
Figure 4.

The SUS Criterion Task

No data were excluded from the SUS task analysis. The ANCOVA
showed no statistically significant main effect of group, F(1,
65) = 2.05, p = 0.157, d = 0.35, 95% CI [—0.13, 0.83]. However,
when leaving out the one participant who was close to the cutoft
score determined by the Mahalanobis distance (25.92, p < 0.004),
the main effect of group became statistically significant, F(1,

64) = 5.86, p = 0.018, d = 0.60, 95% CI [0.10, 1.09] with the
training group being more accurate after training.

The RSpan Criterion Task
All participants were included in the analysis. The ANCOVA on
the RSpan task performance was non-significant, F < 1.

OSpan Task

Seven participants (two participants in the training group and
five in the control group) scored below the cutoff score in the
intervening task and were excluded. No extreme outliers in
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FIGURE 4 | Pre—post means per group for the selective updating of sentences (SUS) task (A); Reading span (RSpan) task (B); Operation span (OSpan) task (C);
Minus 2 span (M2span) task (D); Alphabet WM (AWM) task (E); Sentence recall (SR_Fin) in Finnish (F); Sentence recall (SR_Eng) in English (G); Paragraph recall
(Para_Rec) (H); Paragraph semantic recall (Para_Sem) (l); and Word Fluency (W_Fluency) (J).
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pretest accuracy were observed. The ANCOVA on OSpan task
performance was non-significant, F(1, 58) = 1.70, p = 0.197,
d=10.34,95% CI [-0.17, 0.84].

Minus 2 Span Task

No data were excluded. The main effect of group was not statisti-
cally significant, F(1, 65) = 2.28, p = 0.136, d = —0.37, 95% CI
[—0.85, 0.11].

Alphabet WM Task

On this task, no participants were excluded for being extreme
outliers on pretest accuracy. The main effect of group failed to
reach significance, F(1, 65) = 3.54, p = 0.064, d = 0.46, 95% CI
[—0.03, 0.94].

Sentence Recall in Finnish and English
No data were excluded from these two tasks. The ANCOVAs
showed no effect of group at posttest, Fs < 1.

Paragraph Recall
No extreme outliers were identified. Both for recall in verbatim
and semantic recall, no group difference was observed, Fs < 1.

Word Fluency
No extreme outliers were found. There was no group difference
after training, F < 1.

Training Motivation and Self-Assessed

Training Benefits

A 3 X 2 mixed-model ANOVA on training motivation, with
time (start, halfway, end) as the within-subjects factor and group
(training group, control group) as the between-subjects factor was
conducted. ANOVA revealed no significant main effect of group,
F(1,66) = 0.37, p = 0.54, n; =0.01. However, there was a signifi-
cant main effect of time, F(2,132) = 22.40, p < 0.001, n; =0.25,
indicating that the motivation tended to decrease during the
training period. No group X time interaction, F(2,132) = 0.77,
p =0.464,d = —0.15, 95% CI [—0.63, 0.33] was observed.

At the end of the posttest session, we also analyzed the partici-
pants’ subjective evaluations of training benefits on specific tasks
(see Figure 5) and on cognitive functions in general (see Figure 6).
For individual tasks, independent samples t-tests showed that
the WM training group gave significantly higher evaluations
of performance improvement on the SUS task, #(66) = —7.15,
p < 0.001, the RSpan task, #(66) = —5.18 = p < 0.001, the
OSpan task, #(66) = —2.88, p = 0.005, and the Paragraph recall
task, #(66) = —2.19, p = 0.032. The group differences were non-
significant in the Minus 2 span task, #(66) = —0.47, p = 0.637, the
Alphabet working memory task, #(66) = —1.53, p = 0.131, the
Sentence recall, #(66) = —1.74, p = 0.086 the Sentence recall in
English, #(66) = —1.75, p = 0.085, and the Word fluency task,
t(66) = 0.67, p = 0.508.

As regards perceived improvement in general cognitive func-
tions, independent samples ¢-test revealed that the WM training
group had significantly higher evaluations of their improvementin
memory, £(66) = —3.00, p = 0.004, reading ability, #(66) = —0.2.81,
p =0.007, and multitasking, #(66) = —2.23, p = 0.042. The groups

did not differ in their evaluations of improvement in overall
cognition, #(66) = —0.76, p = 0.456, reaction time, #(66) = —0.13,
p=0.898, or attention, £(66) = —1.81, p = 0.074. Finally, the active
control group that had trained with the quiz gave a significantly
higher evaluation of their vocabulary advancement, #(66) = 2.07,
p=0.042.

DISCUSSION

This study examined the effects of WM training with a novel
training regime that used sentences as training stimuli. The
employment of sentences was motivated by the recent critique
toward the current training regimes that employ random strings
of stimuli (Klingberg, 2010; Shipstead et al., 2010; Holmes, 2011;
Holmes and Gathercole, 2014; Moreau and Conway, 2014). The
present training regime was also motivated by a recent study by
Payne and Stine-Morrow (2017) who reported transfer effects in
older adults after training with a partly similar training regime.

The present results showed no statistically significant transfer
effects to any of the near or far-transfer tasks. The only statistically
significant group difference at posttest emerged on the SUS task,
but only when excluding one participant who was close to being
a multivariate outlier. The results were thus clearly more meager
than one would expect on the basis of recent meta-analytical evi-
dence on WM training that shows improvement on the criterion
tasks and closely related untrained tasks (Melby-Lervag et al,
20165 Soveri et al., 2017). While the lack of significant training
effects on the two criterion tasks was unexpected, there are sev-
eral previous WM training studies that have also failed to show
significant training effects in criterion tasks (e.g., Gray et al., 2012;
Biirki et al., 2014; Minear et al., 2016; Payne and Stine-Morrow,
2017). It is also worth noting that, akin to the current results,
Payne and Stine-Morrow (2017) did not observe any significant
training effects on his sentence-level WM criterion task.

The absence of significant training group improvements on
the criterion tasks cannot be explained by failed adaptive training
results (see Figures 2 and 3). Especially the SUST task showed a
steady performance increase on most of the training sessions. The
learning curve for the SRST training task was less steep and more
variable across the training sessions, and this could have con-
tributed to the lack of posttest group difference on its respective
criterion task. The present variability in the SRST during training
deviates from the training results in Payne and Stine-Morrow
(2017) where the participants showed a less-fluctuating improve-
ment curve. Additionally, their participants performed at a ca
60% higher span level during the last training session compared
with the first training session. In contrast, our participants did
not show more than a ca 20% higher span level for the entire
training period.

One possible explanation for the weak or lacking training
effects on the criterion tasks might be that our training regimes
and criterion tasks were not identical. Compared with our training
tasks, both the SUS task and the RSpan task were non-adaptive
with predetermined sequence lengths. Moreover, we used different
stimulus words in training and in the pre—post tasks to eliminate
lexical learning effects. This stands in contrast to WM training stud-
ies where the criterion tasks employed the same stimuli (usually
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digits or letters) that had been used during training (e.g., Lilienthal
etal., 2013; Waris et al., 2015). This implies that our criterion tasks
could actually be categorized as task-specific near-transfer tasks
rather than criterion tasks (implying weaker transfer), as they are
structurally similar to the training regimes, but differ in terms of
stimuli (Soveri et al., 2017). As regards the study by Payne and
Stine-Morrow (2017), it is not clear whether the sentence-level
training regime comprised the same words that were administered
in the criterion task. Nevertheless, Payne and Stine-Morrow (2017)
did not find any significant improvement in their RSpan criterion
task either, suggesting that it is difficult to obtain training effects
in non-practiced novel sentences even though the task structure
would be similar to the one used in training.

Asregardsthe effect sizes from pre-post tasks, Figure 7 presents
them in a forest plot (Cohen’s d) derived from group compari-
sons. When looking at the effect sizes on the present task-general
near-transfer measures, only the Alphabet working memory task

showed a close-to-moderate effect size (d = 0.46; Cohen, 1988)
favoring the WM training group. Moreover, the OSpan task
showed a small effect size favoring the WM training group
(d =0.36), while the Minus 2 span task showed a totally opposite
small effect favoring the active control group (d = —0.37). This
mixed pattern makes it difficult to draw any conclusions based
on the effect sizes.

We also measured training motivation and perceived train-
ing gains at posttest. Both groups reported being equally moti-
vated in the beginning, half-way, and at the end of the training
period. Thus, the motivational factors can be dismissed as a
confounding variable regarding the current lack of significant
training effects. As regards the perceived training gains, the
training group reported widespread subjective improvements
in both specific pre/post tasks and general cognitive functions,
but these perceptions were not substantiated by their actual test
results.
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FIGURE 7 | Forest plot of the training outcome with 95% confidence intervals represented by horizontal lines, from the group comparisons of training effects in the
present study. Higher effect sizes indicate better performance in the WM training group. Cohen’s d is computed from estimated posttest measurement scores
adjusted for pre-measurements in the ANCOVA. ANCOVA, analysis of covariance; AWM, Alphabet working memory task; M2Span, Minus 2 span; OSpan,
Operation span; Para_Rec, Paragraph recall; Para_Sem, Paragraph semantic recall; RSpan, Reading span; SR_Eng, Sentence recall in English; SR_Fin, Sentence
recall in Finnish; SUS, selective updating of sentences; W_fluency, Word fluency; WM, working memory.

Compared with the results reported by Payne and Stine-
Morrow (2017), the present results are clearly weaker in terms
of transfer. In addition to near-transfer effects, Payne and Stine-
Morrow (2017) observed far transfer to several offline language
measures, namely, sentence recall, verbal fluency, and compre-
hension of syntactically ambiguous sentences. There are several
possible reasons for the different outcomes in these two studies.
In the study by Payne and Stine-Morrow (2017), the participants
were healthy elderly, and it has been speculated that they might
have more room for improvement than younger adults who are
at or near the top of their cognitive potential (e.g., Borella et al.,
2017). If this claim holds, it could also explain aphasic patients’
improvements in both trained and untrained language tasks fol-
lowing sentence-level WM training (Francis et al., 2003; Koenig-
Bruhin and Studer-Eichenberger, 2007; Eom and Sung, 2016).
However, as the most recent meta-analyses on WM training have
failed to find moderating effects of age in adults (Melby-Lervag
and Hulme, 2013; Schwaighofer et al., 2015; Melby-Lervag et al.,
20165 Soveri et al., 2017) on training outcomes, it is not likely
that the higher age of Payne and Stine-Morrow’s (Payne and
Stine-Morrow, 2017) participants explains the better transfer they
reported. This conclusion is of course made under the assump-
tion that the moderating effects of age do not vary between WM
domains.

Another possible reason for the present discrepancy may be
related to the somewhat different training regimes. In Payne and
Stine-Morrow (2017), apart from the sentence-level WM task
(a RSpan training task), participants were also training on two
other complex span tasks that required semantic categorization
and lexical decision-making. Thus, it is possible that the observed

transfer effects stemmed from the other training tasks rather than
the RSpan training task. Also other differences such as choice
of statistical approach, lack of control for possible motivational
differences between study groups in Payne and Stine-Morrow
(2017), and partly different pre- and posttest tasks makes it dif-
ficult to directly compare these two studies.

Returning to the models on WM and sentence processing, it
has been debated whether linguistic WM tasks that require syn-
tactic processing engage the same pool of verbal WM resources
as verbal tasks that lack syntactic structure (King and Just, 1991;
Just and Carpenter, 1992; Caplan and Waters, 1999). There is
still no consensus concerning the mental architecture of the
verbal WM domain, but the weak training effects in the present
study may reflect the specialized and automatic nature of WM
systems related to sentence processing. However, in contrast to
our findings, Payne and Stine-Morrow (2017) found that, com-
pared with the control group, the WM training group improved
more on comprehension accuracy for garden-path sentences.
Nevertheless, the accuracy rates of their groups did not differ at
posttest on the other sentence types, namely, in long-distance
dependency comprehension and object-relative processing.
Based on our own results, as well as Payne and Stine-Morrow’s
(Payne and Stine-Morrow, 2017) partly inconsistent findings,
we suggest that WM tasks that include sentence processing may
engage somewhat more crystallized abilities. People read texts
(e.g., via newspaper, books, Internet) on a daily basis, and the
skills involved in reading are for most literates highly overlearned
as a result of years of practice (Fischler and Bloom, 1980). Hence,
practice with ecologically valid tasks that tap ecologically valid
tasks tapping processes that have become highly automatized
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long before the onset of the intervention may exhibit less train-
ing effects than training regimes using more artificial stimulus
sequences (e.g., digits or letters) that rarely occur in daily life.

Limitations and Future Directions

In this study, we investigated the transfer effects of sentence-level
WM training by comparing the training group performance to
an active control group that practiced with a language-heavy quiz
task. Ideally, the inclusion of a no-contact group would have been
advantageous, thus allowing a separation of practice and expec-
tancy effects. A passive control group would also have provided
information regarding whether or not our quiz training elicited
task improvement relative to no training at all. Current evidence,
however, indicates that there is no difference in pre-post change
between active and passive controls (Soveri et al., 2017). Another
potential limitation in this study was that the training period was
performed online in non-laboratory settings. Despite the advan-
tages of online training, some concerns have been raised about
the lack of control over the testing environment (for a review, see
Ford, 2017). Studies have, for instance, shown that issues such as
unreliable effort or careless responding exist during online testing
(Feitosa et al., 2015; Smith et al., 2016). Thus, despite instructions
we do not know if all participants performed the training sessions
in the way they were expected to. Albeit there is some evidence
that online cognitive task performance, in general, compares well
to traditional laboratory studies (Linnman et al., 2006; Germine
etal., 2012; Crump et al., 2013; Enochson and Culbertson, 2015),
no study has to our knowledge compared a whole period of
cognitive training at home against training in laboratory settings.
This is an aspect that should be mapped more closely in future
studies.

In this study, we implemented sentence-level WM training as
this can be argued to offer a somewhat more ecological approach
compared with previous WM training regimes. It is worth noting
that also some previous studies have attempted to devise ecologi-
cally oriented cognitive training, such as verbal WM training in
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